Abstract: Continuous Stirred Tank Reactor (CSTR) is an essential focus in process control
I. Introduction
Chemical reactors are the most influential and therefore the important units that a chemical engineer will encounter. The aim is to introduce some basic concepts of chemical reaction system modeling and develop simulation models for CSTR's in which the non-linear and linear system descriptions are derived. CSTR is one of the major processing units in chemical engineering such a problem remains too complex to be solved by the known techniques. Chemical process control requires intelligent monitoring due to the dynamic nature of the chemical reactions and non-linear functional relationships between the input and output variables are involved, therefore, model predictive control can provide good optimal solutions for many applications. With the advent of high-speed computer system, there is more increase interest in the study of non-linear system. The need for this interest is born out of the fact that most industrial process is inherently non-linear and reasons, which include, higher quality specification, improvement in productivity, tighter regulations on environment, and demand for operating safety and high quest for economic profitability have called for to operate system over the boundary of a wide range of operating conditions and often near the boundary of a admissible region. In modern processing plants the MPC Controller is part of a multi level hierarchy of control functions. Model design and simulation are done in MATLAB SIMULINK.
II. Cstr System Description Fig No.1 Schematic Diagram of the CSTR
The examined system is represented by Continuous stirred Tank Reactor (CSTR) which is widely used in the process industries, which is the nonlinearity identification process. The Schematic diagram of CSTR is given in the figure. It has a jacket surrounding the reactor also has feed and exit streams. It is assumed to be perfectly mixed at lower temperature than the rector. Energy passes through the reactor walls into jacket removing the heat generated by reaction. The control objective is to keep the temperature of the reacting mixture T, constant at desired value. The only manipulated variable is the coolant flow rate. It consists of a CSTR with a cooling jacket carrying out the Vander Vusse reaction scheme described by the following reactions:
----------------------(1) ------------------------(2)
Here B is the desired product, C and D are the undesired byproducts k 1 , k 2 and k 3 are the reaction rate constants. In this reactor, a product A is to be converted to the desired product B, in an exothermic CSTR, but the product B is degraded to product C. In addition to this consecutive reaction, a high order parallel reaction occurs and A is converted to by product D. The mathematical model of this reactor is described by the set of four Ordinary Differential Equations (ODE) which come from material and heat balances inside the reactor.
Where C A ≥ 0, C B ≥ 0 In the set of equations t is the time, c are concentrations, T represents temperatures, c p is used for specific heat capacities, q represents volumetric flow rate, Q c is heat removal, V are volumes, ρ represents densities, A r is the heat exchange surface and U is the heat transfer coefficient. Indexes (.) A and (.) B belongs to compounds A and B, (.) r denotes the reactant mixture, (.) c cooling liquid and (.) 0 are feed (inlet) values. The concentrations C A and C B , reactor temperature T and the coolant temperature T c constitute the four states of the plant. The model of the reactor belongs to the class of lumped parameter nonlinear systems. Nonlinearity can be found in reaction rates (k j ) which are described via Arrhenius law:
Where k 0 represent pre-exponential factors and E are activation energies. The reaction heat (h r ) in the equation (2) is expressed as:
This reaction describes the chemical conversion, under ideal conditions, of an inflow of substance A to a product B. For controlling the heat inside the reactor, a heat exchanger with a coolant flow is used. To simplify the problem the following assumptions are taken:
• The liquid in the reactor is ideally mixed.
• The density and the physical properties are constant.
• The liquid level h in the tank is constant, implying that the input and output flows is equal: Q1 = Q2.  The reaction is first order with a temperature relation according to the Arrhenius law.
• The shaft work can be neglected.
• The temperature increase of the coolant over the coil can be neglected. It suffices to know that within the CSTR two chemicals are mixed and react to produce a product compound A at a concentration C A (t), with the temperature of the mixture being T(t). The reaction is exothermic and producing heat which slows down the reaction. By introducing a coolant flow-rate Q c (t), the temperature can be varied and hence the product concentration controlled. C A is the inlet feed concentration, Q is the process flow-rate, T and T C are the inlet feed and coolant temperatures, respectively, all of which are assumed constant at nominal values.
III. Model Predictive Control
Model Predictive Control is the only advanced control technique, which has been very successful in particular applications. Model predictive control (MPC) refers to a class of computer control algorithms that control the future behavior of a plant through the use of an explicit process model. At each control interval the MPC algorithm computes an open-loop sequence of manipulated variable adjustments in order to optimize future plant behavior. The Model Predictive Control problem is formulated as solving on-line a finite horizon open loop optimal control problem subject to system dynamics and constraints involving states and controls. Fig shows the basic principle of model predictive control. Based on measurements obtained at time t, the controller predicts the future dynamic behavior of the system over a prediction horizon T and determines (over a control horizon) the input such that a predetermined open-loop performance object function is optimized.
Model predictive control (MPC) is a very attractive concept for the development and tuning of nonlinear controllers in the presence of input, output or state constraint. The first input in the optimal sequence is injected into the plant, and the entire optimization is repeated at subsequent control intervals. MPC technology was originally developed for power plant and petroleum refinery applications, but can now be found in a wide variety of manufacturing environments including chemicals, food processing, automotive, aerospace, metallurgy and pulp and paper. The application of MPC controllers based on linear dynamic models cover a wide range of applications, and linear MPC theory can be considered quite mature. Nevertheless, many manufacturing processes are inherently nonlinear and there are cases where nonlinear effects are significant and can-not be ignored. These include at least two broad categories of applications: 1. Regulator control problems where the process is highly nonlinear and subject to large frequent disturbances (pH control, etc.). 2. Servo control problems where the operating points change frequently and span a wide range of nonlinear process dynamics (polymer manufacturing, ammonia synthesis, etc.). Model based predictive control, MBPC, strategy has received particular attention in the areas of process control, is based on the use of a model for predicting the future behaviors of the system over a finite future horizon. The control signal to be applied to the plant at the current sampling time is obtained by solving a finite dimension optimization problem over the prediction horizon. "MPC is the family of controllers in which there is a direct use of an explicit and separately identifiable model" The advantages of MPC compared with many other control techniques can be listed as follows:
 It can use step and impulse response data which can easily be obtained,  It can handle input/output constraints directly,  It gives satisfactory performance even with time delays and high nonlinearities,  It can be used in multivariable format,  It is robust in most cases,  Implementation of the technique is simple,  It can optimize over a trajectory,  It can be used to control various processes, whether simple or complex ones. The sum of squared difference between the predicted outputs and their set points over the future prediction horizon and the sum of squares of the control moves over the control horizon. The control of a process, quantitative formulation of the control objective is to minimize the cost Subject to the constraints N U ≤ N 1,2 │∆u(t)│ ≤ ∆u max u min ≤ u(t) ≤ u max y pmin ≤ y p ≤ y pmax where r is the reference, y p is the predicted output, u is the control variable, λ y and λ U are the output and the input weighting parameter: N 1 , N 2 represents minimum and maximum prediction horizon and N U is the controller moves horizon. Here U is the N U future inputs vector defined as,
IV. Simulation Results And Discussion
In this paper presents the simulation result of model predictive controller design for nonlinear process control reactor -Continuous Stirred Tank Reactor without noise. In this reactor, a product A is to be converted to the desired product B, in an exothermic CSTR, but the product B is degraded to product C. In addition to this consecutive reaction, a high order parallel reaction occurs and A is converted to by product D. in the reaction heat produced inside the reactor is a nonlinear process. The controller design for CSTR produces the optimum solution for the variation in parameters of the reactor. MPC algorithm proves that, it produces best controller design and solution for nonlinearities in CSTR. The simulation result presents the measured disturbances, measured variable and output/reference/noise waveforms. 
V. Conclusion
The CSTR process is identified as a strong non-linear system. The modeling of CSTR process is implemented with the help of first principle differential equation. The MPC Controller is implemented to track the servo response and regulatory response. The simulation results proven that the MPC control method is an easytuning and more effective way to enhance stability of time domain performance of the temperature control of CSTR process. The simulation results demonstrate the capability of the proposed identification strategy to effectively identify compact, accurate and transparent model for the CSTR process. It is shown that the proposed model predictive control design presents better improvement with faster response time for both servo and regulatory control objectives. Model Predictive Control (MPC) approaches have been recognized as the accepted standard to cope with some of the difficult control problems in process industry.
